Abstract. To estimate the states and uncertainty of the under-actuated ship, the paper proposed a modified UKF algorithm-Singular Value Decomposition UKF based on acceleration, which simplifies the system reference equation, reduces the calculation complexity and increases the accuracy of the algorithm. The accuracy and calculation complexity of the algorithm are analyzed in detail. Numeric simulation demonstrates the effectiveness of the algorithm.
Introduction
Online estimation technique aims mainly to obtain high precise states or parameters of a dynamic system with a set of noisy measured signals. Many approximate optimal nonlinear estimation methods, including the extended Kalman filter (EKF) and the unscented Kalman filter (UKF), have been developed and applied to all kinds of practical nonlinear systems. In recent years, UKF has obtained extensive attentions, and many researches on the performance of UKF can be found. For instance, UKF has been introduced into the aircrafts modeling [1] , Wang et al. [2] studied UKF parameters estimation based on nonlinear observation and nonlinear kinetics model of the under-actuated ship, and then designed a predictive controller; Peng et al. [3] estimated the uncertainty of the ship model and designed a nonlinear controller.
Besides the application researches, many researchers try to improve the performance of nominal UKF algorithm and many new version UKF algorithms are brought forward. For example, in 2001, square root UKF [4] was proved by Van der Merwe and Wan that the numeric stability and parameter estimation efficiency was higher (for special situation of parameter estimation is O(L2)). Yulong Ma et al. brought out Singular Value Decomposition UKF(SVDUKF) [5] and Diagonal Similar Decomposition UKF (DSDUKF) [6] , which relax the condition of the state variance matrix semi-definite. Although UKF has been the focus of researches of estimation online, there are still drawbacks to be improved. One of them is the calculated amount which stands in the way of application. Many improvements emphasis on the algorithm itself, while neglect the new measurements and the reference equation. Now the acceleration, which contains rich information of the system body, especially the under-actuated system, can be easily measured. In this paper, a modified UKF, which is based on singular value decomposition and acceleration, is proposed to ensure the positive semi definition of the state covariance matrix. Details of the modified UKF are presented in Section III.
A brief mathematical formulation of UKF is given in Section II. The analysis of the method is put forward in section Ⅳ. Section Ⅴ discusses the numeric simulation. Section VI is the conclusion.
Problem formulation
Under disturbances induced by wave, wind and ocean current, by neglecting motion in heave, pitch and roll, the mathematical model of an under-actuated ship moving in surge, sway and yaw, is obtained from the motion equation of the ship moving in six degrees of freedom.
Furthermore, it is assumed that the inertia, added mass and damping matrices are diagonal. Under the aforementioned assumptions, the under-actuated ship moving in surge, sway and yaw can be described as [7] : 
where , , The model of the under-actuated ship is derived from the theoretical deduction or experimental identification under condition that the system's structure is known. The former is a theoretical result based on mathematic deduction, which ignores many subordinate factors under many preconditions and assumptions; the later denotes identifying the model based on the ideal data which is obtained from a certain experiment under the condition that the system contracture is known and the experiment can be controlled. However, none of the methods above can obtain the model describing the system's real dynamics, whose strong nonlinearity and uncertainty are approximate. How to estimate the states and uncertainty accurately online in above situation is the foundation of controller design based on system model. And many estimation methods have been applied and achieved many results.
Singular decomposition UKF [5] based on acceleration(Acc-SVDUKF)
Discretize the nonlinear ship system (1) and assume it's with addictive noises 
Here, we suppose that , ,
v w x are not correlative to each other.
To apply the acceleration to the estimation method -SVDUKF (Singular Value Decomposition UKF) [5] , we assume that:
The acceleration of surge and sway can be measured, and the two direction accelerations are not coupled with each other, i.e. the acceleration sensors are set at the mass center of the ship.
Applying the acceleration to the SVDUKF reference equation, we can simplify the algorithm, reduce the calculation complexity and increase the estimated accuracy. Then the reference equation is as follows: we can obtain the algorithm.
Analysis Singular Value Decomposition UKF based on acceleration(Acc-SVDUKF)
From previous section we know that the surge and sway velocities are calculated from the integration of the kinetics in the nominal UKF algorithm while calculated from the acceleration which is directly measured by sensors in the proposed algorithm. The acceleration signal directly reflects the force impacted on the ship. The UKF algorithm itself is a low-pass filter, and if the acceleration signal is accurate enough we can get estimated results with enough precision, although the acceleration is with noises. Furthermore, the proposed method can avoid the uncertain model and increase the estimated precision.
The method proposed in the article can reduce the calculation complexity and save time. 
Numeric simulation
The proposed method is illustrated by simulating with a mono-hull ship [7] which has one propeller providing the surge force and one rudder generating the yaw moment, See Fig.2 
We assume that the environmental disturbances are The results of the simulation are shown in Fig.1-6 . In the figures "real" denotes the real measurement value, svdukf the nominal SVDUKF estimation value, and Accsvdukf the proposed estimation. From the figures we can conclude that the estimation of the proposed algorithm is much more accurate than that of the nominal SVDUKF. Furthermore, the velocities u and v of the nominal SVDUKF estimation are diverged while the uncertainty r ∆ increases more rapidly than the real value. The noise of the acceleration signal denoted in Fig.7 has been filtered well because of the low-pass character of the UKF algorithm itself. It has no effect on the estimation result. 
Conclusion
Under the development of the measure sensors, the acceleration has been easily measured with low price and enough accuracy. Moreover, the acceleration signal contains rich useful information of the system. It maybe a very practicable method the acceleration information is applied to the state and parameter estimation. To the under-actuated ship system, a modified UKF algorithm based on acceleration is proposed to estimate the system's states and uncertainties, which is suitable for engineering application. Even though the method requires that the accelerate sensors should be set at the system mass center to ensure that there is no coupling with the two direction accelerations and there is no real experiment to verify the algorithm, there is qualitative analysis about the accuracy and the calculation complexity, and the numeric simulation verification in the paper.
